To evaluate the bond strength of two commercially available universal tray adhesives on polyvinylsiloxane addition silicone and condensation silicone impression materials to an autopolymerizing polymethyl methacrylate acrylic tray material. Materials and methods: Sixty flat square specimens were fabricated from autopolymerizing polymethyl methacrylate tray material to which an eye hook was incorporated to serve as the point of attachment to a universal testing machine. A polyvinyl chloride (PVC) pipe of 15 mm diameter and 25 mm long was used to house the impression material, and a metal rod was inserted into two centered holes to provide retention that serves as the second point of attachment to the universal testing machine. The specimens were divided into 4 groups of 15 specimens each. The first and second groups of specimens were applied with Coltene and Zhermack universal tray adhesives and tested with addition silicone impression material. The third and fourth groups were coated with the above-mentioned adhesives, respectively, and tested with condensation silicone. Each specimen was then attached to the universal testing machine. The maximum force at which separation failure occurred was divided by the area of adhesion and recorded as the adhesive strength in MPa.
IntroductIon
An impression should be dimensionally accurate for the fabrication of prosthesis because inaccurate impressions can compromise the function, fit, and esthetics of the restoration. When the impression is retrieved, it may be distorted if the impression material pulls away from the tray. 1, 2 The dimensional accuracy of elastomeric impression material is influenced by the adhesion of elastomeric impression materials to the impression tray. 3, 4 An impression material having a high tear resistance requires an adhesive that is effective, so that its removal from undercuts is at ease. 5, 6 The application of an adhesive is highly recommended irrespective of the tray being stock tray or custom tray, although some mechanical retention is provided by stock trays. 7
MAterIAls A n d Methods
Sixty flat square specimens (20 × 20 × 20 mm) were fabricated by autopolymerizing polymethyl methacrylate acrylic tray material. An eye hook was incorporated into each specimen to serve as the point of attachment to a screw-driven universal testing machine (Fig. 1 ). The specimen surface was polished with a 320-grit silicone carbide paper to standardize surface roughness. A piece of PVC pipe, 15 mm diameter and 25 mm long was used to house the impression material ( Fig. 2 ). To increase material retention beyond that resulting from the use of adhesive, the cylinder was perforated in multiple locations, providing additional mechanical retention ( Fig. 2) . A metal rod was inserted into two centered holes to provide retention for the eyehook that served as the second point of attachment to the universal testing machine ( Fig. 3 ).
Specimen Selection
The specimens were divided into 4 groups of 15 specimens each.
Group I (Fig. 4A) • Group I of fifteen specimens was coated with Coltene universal tray adhesive. A thin coat was applied on the polished acrylic resin surface to be in contact with the PVC pipe. • The solvent in the adhesive was allowed to dry for about 10 minutes. • The perforated PVC pipe housing was then centrally placed in contact with the tray material. • The addition silicone impression material was mixed and dispensed into the PVC pipe housing. • The metal rod and hook were inserted at the open end of the cylinder and the impression material was allowed to polymerize.
Group II (Fig. 4B)
• Group II of fifteen specimens was coated with Zhermack universal tray adhesive. A thin coat was applied on the polished acrylic resin surface to be in contact with the PVC pipe. • The solvent in the adhesive was allowed to dry for about 10 minutes. • The perforated PVC pipe housing was then centrally placed in contact with the tray material. The addition silicone impression material was mixed and dispensed into the PVC pipe housing. • The metal rod and hook were inserted at the open end of the cylinder and the impression material was allowed to polymerize.
Group III (Fig. 5A) • Group III of fifteen specimens was coated with Coltene universal tray adhesive; a thin coat was applied on the polished acrylic resin surface to be in contact with the PVC pipe. • The solvent in the adhesive was allowed to dry for about 10 minutes. • The perforated PVC pipe housing was then centrally placed in contact with the tray material. • The condensation silicone impression material was mixed and dispensed into the PVC pipe housing. • The metal rod and hook were inserted at the open end of the cylinder and the impression material was allowed to polymerize.
Group IV (Fig. 5B) • Group IV of fifteen specimens was coated with Zhermack universal tray adhesive. A thin coat was applied on the polished acrylic resin surface to be in contact with the PVC pipe. • The solvent in the adhesive was allowed to dry for about 10 minutes. • The perforated PVC pipe housing was then centrally placed in contact with the tray material. • The condensation silicone impression material was mixed and dispensed into the PVC pipe housing. • The metal rod and hook were inserted at the open end of the cylinder and the impression material was allowed to polymerize. Each specimen was then attached to the universal testing machine by means of metal hooks attached to the eye hooks in the tray specimen and the metal rod placed through the PVC pipe housing (Fig. 6) . The specimens were then tested in tensile mode at a cross-head speed of 5 mm/minutes until separation failure occurred. The maximum force at which separation failure occurred was divided by the area of adhesion and recorded as the adhesive strength in MPa.
results
As can be seen from Table 1 , the highest mean value of Zhermack universal tray adhesive with addition silicone impression material (0.35487) indicated the highest adhesive bond strength values followed by Zhermack with condensation silicone impression material (0.27440).
As shown in Table 2 , Coltene universal tray adhesive (0.11750) showed a significantly lower mean value in comparison to Zhermack universal tray adhesive (0.31463). Coltene universal tray adhesive with addition silicone impression material (0.13987) had a higher mean value in comparison with Coltene universal tray adhesive with condensation silicone impression material (0.09513).
A significant difference was observed between mean MPa values of Zhermack and Coltene universal tray adhesives, where the F value of 1314.116 was found to be significant at 0.000 levels. From the mean values it is clear that Zhermack adhesive (mean 0.31463) has higher MPa than Coltene adhesive (mean 0.1175).
Impression material comparison again indicated a significant difference (F = 132.514; p = 0.000), where addition silicone (mean 0.247) had higher MPa than condensation silicone (mean 0.184).
Lastly, the interaction between adhesive and impression material was found to be significant (F = 10.794; p = 0.002), where we found that with Zhermack universal tray adhesive, addition silicone had higher MPa, whereas with Coltene universal tray adhesive, we do not find much variation between addition and condensation silicone impression material.
Independent-samples t test revealed a significant difference in mean MPa values between:
• Groups I and II with a t value of 20.253 and p value of 0.001.
Group II had higher MPa (mean 0.354) than group I (mean 0.1398). The difference in mean MPa value was 0.215. • Groups I and III with a t value of 14.969 and p value of 0.001.
From the Table 1 it is clear that group I had higher MPa (mean 0.13987) than group III (mean 0.09513). The difference in mean MPa value was 0.04473. • Groups I and IV with a t value of −98.301 and p value of 0.001.
From the Table 1 it is clear that group I had higher MPa (mean 0.13987) than group IV (mean 0.27440). The difference in mean MPa value was −0.13453. • Groups II and III with a t value of 24.072 and p value of 0.000.
From the Table 1 it is clear that group II had higher MPa (mean 0.35487) than group III (mean 0.09513). The difference in mean MPa value was 0.25973. • Groups II and IV with a t value of 7.695 and p value of 0.001.
From the Table 1 it is clear that group II had higher MPa (mean 0.35487) than group IV (mean 0.27440). The difference in mean MPa value was 0.08047. • Groups III and IV with a t value of −61.345 and p value of 0.000.
From the Table 1 it is clear that group IV had higher MPa (mean 0.27440) than group III (mean 0.09513). The difference in mean MPa value was −0.17927. Figure 7 shows the adhesive bond strength values in MPa for all the four groups. The mean value (0.35) of group II indicated the highest bond strength value followed by group IV with a mean value of 0.27, which was followed by group I with a mean value of 0.13 and lastly group III with a mean value of 0.09. Accuracy of the cast and the prosthesis is dependent on the retentiveness of the impression to the tray. If the impression material displaces from the tray, there is a possibility of the impression getting distorted on removal of the impression from the mouth. Application of the tray adhesive to the tray before making an impression greatly enhances the dimensional stability of elastomeric impression material. 7 Peregrina et al. stated that using paint on universal tray adhesive provided higher adhesive bond strength values for the VPS impression materials when compared to the manufacturerrecommended adhesive to the autopolymerizing acrylic tray material tested. 8 Philips stated that adhesives were more effective when used with polysulfides, polyethers, condensation silicones and less effective when compared with addition silicones. 9,10 Tjan and Whang stated that a combination of adhesives and perforations gave the best overall adhesion. 11 Previous studies that were conducted in various experimental conditions reported that when conventional universal adhesives are used, the bond strength of polyvinyl siloxane impression materials to acrylic tray materials in the range of 0.13-1.09 MPa. 12 However, studies that evaluated and compared the effectiveness of various universal tray adhesives on addition and condensation silicone are very limited. Therefore, this study attempts to evaluate and compare the effect of adhesive bond strength of two commercially available universal tray adhesives, Coltene and Zhermack, on addition and condensation silicone impression materials to an autopolymerizing acrylic tray material.
In the current study, the mean bond strength of 0.35 MPa measured for addition silicone in combination with a Zhermack universal tray adhesive was within the range of data obtained from the previous studies. Both addition and condensation silicone impression materials when applied with Zhermack universal tray adhesive showed better adhesive bond strength when compared with Coltene universal tray adhesive.
The bond strength of the adhesive agent, custom tray material and the impression material used is directly related to • The surface chemistry of the resin tray material that has been used • The chemical properties of the adhesive agents. 13 The significantly greater bond strengths of Zhermack universal tray adhesive were probably attributable to the higher adhesive capability of these adhesives. The adhesion of the tray adhesives is achieved because of chemical adhesion between the impression material and methyl methacrylate tray material.
On application, the carrier solvent present in the tray adhesive swells the outermost surface of the acrylic tray. This allows the interaction and penetration of adhesive with the impression material. In addition, there is evaporation of the solvent present in the adhesive which covers the entire tray surface, which is held within the molecular network of the impression material. 14 Therefore, the use of an adhesive on the impression tray improves its adhesion to the impression material and directs the polymerization shrinkage toward the tray.
Polydimethylsiloxane and ethyl silicate are the contents of the tray adhesives used for silicone impression materials. Polydimethylsiloxane present in the adhesive adheres onto the impression material. A physical bond is formed with the methyl methacrylate impression material by the solvent-ethyl silicate forming hydrated silica. The ability of the solvent in the adhesive to dissolve the resin tray material determines the retention of impression materials to acrylic resin tray material. 15 In order to provide time for the adhesive to react with the tray material, it is advisable to wait 10-15 minutes before the impression is made.
Evaporation of the solvent in the adhesive is known as setting of the adhesive. It is dependent on temperature, humidity, and time. 16 Therefore, in this present study, the better adhesive bond strength of Zhermack universal tray adhesive in comparison with that of Coltene universal tray adhesive may be attributed to the difference in the solubility of the tray material by the solvent present in the tray adhesive.
From the results obtained in the study, Zhermack universal tray adhesive with addition silicone impression material was recommended as an ideal tray adhesive-impression material combination using autopolymerizing polymethyl methacrylate acrylic resin as the tray material.
Limitations of this Study Included
• Further investigation to explain the reactivity of polydimethyl siloxane present in the tray adhesive with addition and condensation silicone impression material. • As the study was conducted in vitro, further investigation needs to be carried out when applied clinically.
conclusIon
Within the limitation of this study,
• The adhesive bond strength of Zhermack universal tray adhesive was higher than that of Coltene universal tray adhesive regardless of the impression material used with the autopolymerizing acrylic resin as the tray material. • Adhesive strength of Zhermack universal tray adhesive with addition silicone impression material was highest compared to all other groups. • Adhesive strength of Coltene universal tray adhesive with condensation silicone impression material was the least compared to all other groups. 
